Summary Although the effects of nutrition and immune status on disease development have been investigated, little attention has been given to changes in immune function in the elderly vulnerable to coronary artery disease (CAD). Our objective was to evaluate the association between immune variables and CAD risk factors, and nutritional factors related to immune and lipid profiles in elderly Koreans ( n ϭ 90). The subjects were divided into three groups based on serum low-density lipoprotein cholesterol (LDL-cholesterol) level: risk ( Ն 160 mg/dL), borderline (130-160 mg/dL), and control groups ( Ͻ 130 mg/dL). Concanavalin A-induced lymphocyte proliferation rate and interleukin (IL)-2 secretion were significantly lower in the risk group than the control group. The subjects in the risk group showed the highest serum concentrations of proinflammatory mediators such as complement 3 (C3), IL-1 ␤ , and IL-1 receptor antagonist (IL-1RA). The nutrient intake status of the subjects was generally satisfactory without differences among groups. IL-1RA concentration was negatively associated with intake of vitamin E and C3 was positively related to intake of Ca and Fe in the subjects with LDL-cholesterol Ն 130 mg/dL. This study suggests that elderly individuals with high serum LDL-cholesterol are in a mild chronic inflammation state and micronutrient status such as vitamin E, Ca, and Fe may relate to this state. Key Words immune function, nutritional factor, elderly, T-lymphocytes, cytokines Coronary artery disease (CAD) is a leading cause of death in elderly Koreans ( 1 ). Lipid metabolism and inflammatory responses are now recognized as factors playing a central role in the pathogenesis of CAD. In particular, LDL particles trapped in an intima undergo progressive oxidation and are internalized by macrophages and become foam cells, resulting in the formation of fatty streaks and fibrous plaque. These lesions are advanced and activated by growth factors and cytokines secreted from endothelial cells, smooth muscle cells, macrophages, and platelets ( 2-4 ).
Coronary artery disease (CAD) is a leading cause of death in elderly Koreans ( 1 ) . Lipid metabolism and inflammatory responses are now recognized as factors playing a central role in the pathogenesis of CAD. In particular, LDL particles trapped in an intima undergo progressive oxidation and are internalized by macrophages and become foam cells, resulting in the formation of fatty streaks and fibrous plaque. These lesions are advanced and activated by growth factors and cytokines secreted from endothelial cells, smooth muscle cells, macrophages, and platelets (2) (3) (4) .
Cytokines are regulators of host responses to infection, inflammation, and trauma. The production and activity of the cytokines are tightly controlled. The main pro-inflammatory cytokines, such as interleukin (IL)-1 ␤ , IL-6, and tumor necrosis factor (TNF), are increased in the process of CAD. Inflammatory cytokines themselves were shown to be major inducers of their own soluble receptors/antagonist upregulation ( 5 ) . For example, IL-1 receptor antagonist (IL-1RA), a protein with high homology with IL-1 but without IL-1 activity ( 6 ), was induced by inflammatory mediators. Serum levels of soluble cytokine receptors were reported to correlate with disease activity in a variety of clinical situations.
Nutrition is an important factor affecting the cytokine level and inflammation response. Since diet is modifiable, nutrition could play a role in controlling CAD. It is of interest to evaluate the inflammatory response in elderly subjects with risk factors for CAD. In this study, an attempt was made to evaluate the association between immune variables and CAD risk factors, and nutritional factors related to immune function and lipid profiles.
METHODS

1.
Subjects. Study subjects, recruited through announcements at health centers in Seoul and in Kyoungi Province, consisted of 40 males and 50 females between the ages 60 and 83 (mean ϭ 68.9 Ϯ 0.6) who were alert enough to complete the questionnaire. The research protocol was approved by the local community welfare institute and informed consent forms were obtained from all subjects.
The subjects were divided into three groups based on serum LDL-cholesterol concentrations: risk, LDLcholesterol Ն 160 mg/dL ( n ϭ 25); borderline, 130 mg/ dL Յ LDL-cholesterol Ͻ 160 mg/dL ( n ϭ 20); and control, LDL-cholesterol Ͻ 130 mg/dL ( n ϭ 45).
2. Dietary, hematological, and anthropometric assessment. The elderly subjects were individually interviewed to obtain food consumption data and general and medical history. Food consumption was assessed using the 24-h recall method. Food models were used to L EE H-S et al. estimate portion sizes. Food intake data were analyzed using Can-Pro 2.0 (software for nutrient analysis) to determine nutrient intake. The results were compared to the the Korean Recommended Dietary Allowance (7). Body weight, height, and composition including fat, protein and water, and bone mass were assessed using InBody 3.0 (Biospace Co., Korea). Waist and hip circumferences were measured using a tapeline. Triceps skinfold thickness (TSF) was measured with a lange skinfold caliper. Bone density was assessed using a bone densitometer (LUNAR PIXI, USA). Body mass index (BMI) and waist per hip circumference ratio (WHR) were calculated.
Fasting blood samples were collected and the serum was obtained and frozen at Ϫ80˚C in aliquots. Fasting blood glucose was determined by Accutrend alpha (Boehringer Mannhein Gmbh, Germany). Serum lipids and lipoproteins were measured by an Ekachem module (Johnson & Johnson, USA). LDL-cholesterol and atherogenic index (AI) were calculated using the formulas of Friedwald et al. (8) and Lauer et al. (9), respectively. Serum apolipoprotein B measurement was determined by radial immunodiffusion plate (Nor-partigen, Behring Co., Germany). C3 was determined by radial immunodiffusion plate (Nor-partigen, Behring Co.). IL-1␤, IL-1RA, and CIC were measured using ELISA kits (IL-1␤ and IL-1RA kits from Immunotech; A Bechman Coulter Co., France; CIC kit from Bühlmann Laboratories AG, Switzerland).
Lymphocyte proliferation and IL-2 production.
Lymphocytes were isolated in whole blood treated with heparin via Ficoll-paque (Histopaque 1077, Sigma) and then cultured in RPMI 1640 containing 0.2% gentamycin (GibcolBRL 15710-064), 10% FBS (GibcoBRL 100-82147), and mitogen 0.5 g/10 L ConA (Sigma C-5275) or 0.5 L/10 L PHA (GibcoBRL 10576-015) for 68 h. A viable cell number was estimated by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, the cell monolayers were incubated for 3 h in a serum-free medium lacking phenol red with 1 mg/mL MTT. After removal of unconverted MTT, the purple formazan was measured colorimetrically at 570 nm using a 690 nm reference wavelength (10) . Peripheral blood lymphocyte proliferation rate (LPR) was estimated by the stimulation index (SI), the absorbance of well with mitogens divided by absorbance of the well without mitogens. ConA-induced IL-2 production of lymphocytes was analyzed using an enzyme immunoassay kit (Immunotech, A Beckman Coulter Co., France).
4. Statistical analysis. Age and anthropometric data were presented for male and female subjects, but all other data were pooled for both sexes. Statistical analyses were conducted using the SPSS 10.0 program. Student's t-test was used to analyze mean differences for age and anthropometric parameters between the male and female subjects. Analysis of variance (ANOVA) was used to analyze mean differences for all measured parameters among the groups. When ANOVA results were significant, pϽ0.05, identification of significant differences between group means was based on Duncan's multiple range test. To demonstrate the association of immune variables with other CAD risk factors, Pearson's correlation coefficient analysis was conducted between immune functions variables and CAD risk factors only in the subjects with high LDL-cholesterol levels (subjects in borderline and risk groups).
RESULTS
The subjects of this study were 90 elderly people, 40 men and 50 women, between the ages of 60 and 83 with a mean age of 68.9Ϯ0.6 y. As shown in Table 1 , there was no difference in age between the male and female subjects or among the 3 LDL-cholesterol groups. Mean weight, BMI, WHR, protein mass, and mineral mass did not differ among the 3 LDL-cholesterol groups of either sex. For skinfold triceps thickness (TSF) and bodyfat (%), they were highest in females of the borderline group. However, this result may not support the association between obesity and hyper-LDLcholesterolemia because other indices have no consistent relation. As shown in Table 2 , significant differences in totalcholesterol and LDL-cholesterol concentrations were observed among the 3 LDL-cholesterol groups; the risk group showed the highest values, followed by the borderline and control groups. The AI and apolipoprotein B level were also significantly higher in the risk group than in the control group. However, there were no differences in HDL-cholesterol, triglyceride, or fasting blood glucose concentrations among the 3 groups. Table 3 provides data on immune variables. Elderly subjects in the risk group showed significantly lower ConA-induced LPR compared to those in the control group (1.88 vs. 2.66), and also showed lower PHAinduced LPR even though the difference was not significant. IL-2 secretion from ConA-stimulated lymphocytes was significantly lower in the risk group than in the control group (631.2 vs. 1184.7 pg/mL). On the other hand, serum concentrations of C3, IL-1␤, and IL-1RA were higher in risk group than in control group. No differences were found in CIC among the 3 LDL-cholesterol groups.
As shown in Table 4 , the nutrient intake status of the subjects was generally satisfactory. There were no significant differences in nutrient intake among the 3 LDLcholesterol groups.
When Pearson's correlation coefficient between immune variables and nutrient intake was analyzed with all subjects, no meaningful correlation was found; however, in the subjects with high serum LDL-cholesterol (Ͼ130 mg/dL) some significant correlations were shown (Table 5 ). Significantly positive correlations were observed between PHA-induced LPR and energy intake (rϭ0.351) and between C3 and Ca (rϭ0.316) or Fe (rϭ0.365). In addition, a significant negative correlation was observed between IL-1RA and vitamin E intake (rϭϪ0.319).
DISCUSSION
Many studies have demonstrated a marked decline or dysregulation in immune responses with the aging process and dietary factors may exert effects on immunosenescence and aging (11) (12) (13) (14) . Since immune function and inflammation response play a role in coronary artery disease (CAD), several immune indices were assessed in this study to document the involvement of immune function in CAD in elderly Koreans.
Cuthbert and Lipsky (15) have reported that hypercholesterolemic men showed the inhibited proliferation of mitogen-induced T lymphocytes and Dzung et al. (16) have made a report on impairment of T cell activation and IL-2 production in the enriched state of cellular cholesterol, suggesting a possible role of immune function in hypercholesterolemia. Several researchers also reported that CAD patients showed increased proinflammatory cytokine and decreased anti-inflammatory cytokine secretion (17) (18) (19) (20) . In this study, subjects in the risk group with LDL-cholesterolՆ160 mg/dL had higher serum concentrations of total-and LDL-cholesterol and apolipoprotein B, and atherogenic index (AI), all of which are known risk factors for CAD. Subjects in the risk group also showed a lower capacity for ConAinduced proliferation and IL-2 production, and showed higher levels of pro-inflammatory cytokine such as IL-1␤, IL-1RA compared to those in the control group. (24) and involvement of C3 and C5 in endothelium activation and leukocyte recruitment to inflammatory sites have been demonstrated. CICs are known to increase with age and play an important role in the induction of vascular damage, leading to low-grade chronic inflammation of the vascular wall (25) . Because C3 is the central molecule in the complement system, the level of C3 was measured in this study and its concentration was found to be the highest in the subjects with LDLcholesterolՆ160 mg/dL.
The results of levels of IL-1␤, IL-1RA and C3 being highest in the subjects with LDL-cholesterolՆ160 mg/ dL may indicate they are in the status of chronic inflammation and it could contribute to the development of CAD. Therefore, we wanted to document dietary factors controlling proinflammatory cytokines in subjects with high LDL-cholesterol. A negative correlation was found between IL-1RA and vitamin E intake, in accordance with a report suggesting that vitamin E intake from either food or supplements may reduce risk of CAD (26) . We also found that the intakes of Ca and Fe were positively correlated with C3 level. The relation between Fe consumption and inflammation has long been a topic of debate (27, 28) , but recently an epidemiologic study reported that higher intake of heme iron might be harmful to CVD mortality (29) . Ca nutrition is also one of the few controversial issues in CAD development (30) . However, some reports revealed that the Ca deposition occurred in atherosclerotic plaque and Ca antagonists were potential antiatherosclerotic agents (31, 32) . These reports suggest excessive Ca nutrition might affect inflammation. The Fe and Ca intakes of our subjects were relatively good compared to those of average Koreans (7) . From this study it is hard to draw a conclusion on the role of Fe and/or Ca in CAD development; however, it could be suggested that among high risk populations excessive intakes of Fe and/or Ca may affect serum level and have an impact on mild chronic inflammation leading to CAD. Further study should be conducted to document the association of both the immune system and nutrient intakes such as Ca and Fe.
In summary, the subjects with LDL-cholesterol Ն160 mg/dL showed inhibition of T cell activation and IL-2 production from peripheral blood lymphocyte, and besides, they had higher levels of proinflammatory cytokines such IL-1␤ and IL-1RA. Serum IL-1RA level had a negative correlation with vitamin E intake and C3 was positively related to intake of Ca and Fe in the subjects with LDL-cholesterolՆ130 mg/dL.
